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In this contribution we summarize two recent applications of a correspondence between backre-
action terms in averaged inhomogeneous cosmologies and an effective scalar field (the “morphon”).
Backreaction terms that add to the standard sources of Friedmannian kinematical laws and that
emerge from geometrical curvature invariants built from inhomogeneities, can be interpreted in
terms of a minimally coupled scalar field in the case of a dust matter source. We consider closure
conditions of the averaged equations that lead to different evolution scenarii: a) the standard Chap-
lygin equation of state imposed as an effective relation between kinematical fluctuations and intrinsic
curvature of space sections, and b) an inflationary scenario that emerges out of inhomogeneities of
the Einstein vacuum, where averaged curvature inhomogeneities model the potential of an effective
classical inflaton.
PACS numbers: 98.80.-k, 98.80.Cq, 95.36.+x, 98.80.Es, 98.80.Jk,04.20.-q,04.20.Cv
I. INTRODUCTION
Our universe is supposed to verify the strong cos-
mological principle which demands homogeneity and
isotropy at all scales. This standard approach, known
as Friedmann–Lemaˆıtre–Robertson–Walker (FLRW) cos-
mology obeys the set of equations,(
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that, together with equations of state as relations be-
tween the homogeneous variables, e.g. between the pres-
sures and energy densities, forms a closed system. The
FLRW framework is widely used in order to describe the
dynamics of our Universe and the formation of its con-
stituents. It, however, leaves in suspense an explana-
tion about the origin of Dark Energy and Dark Mat-
ter, which respectively represent in this model about 3/4
and 1/4 of the total content of the universe model. This
last point might actually reveal a symptom of a deeper
problem linked to this approach. Indeed, in FLRW cos-
mology one determines background quantities regard-
less of the scale and makes them evolve according to a
homogeneous–isotropic solution of Einstein’s equations.
But, are the background quantities well–defined within
standard cosmology, i.e. as a suitable average over the
inhomogeneities? Is their evolution well–approximated
in this framework, i.e. is the time dependence of the
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homogeneous–isotropic averaged state well approximated
by a homogeneous–isotropic solution? All these issues
can be routed back to the nonlinearity of the gravita-
tional equations and the averaging problem [1–3].
Rewriting Einstein’s equations via the ADM formalism
and spatially averaging, in a domain–dependent way, the
scalar parts of the equations with respect to free–falling
fluid elements, the averaged dynamics of an inhomoge-
neous universe model filled with a pressureless fluid as-
sumes the following form [1, 4, 5]:(
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where aD is the effective scale factor, 〈̺〉D is the energy
density of the irrotational dust averaged over a compact,
mass–preserving domain D, QD is the kinematical back-
reaction term (an extrinsic curvature invariant), and fi-
nally WD is the curvature deviation from a constant–
curvature kDi according to the FLRW solution (an in-
trinsic curvature invariant). These variables are defined
as
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with VDi the initial volume of the domain and VD(t) its
volume at a proper time t, θ the rate of expansion, σ the
2rate of shear, and R the 3−Ricci scalar curvature. Com-
paring the set of equations (1) and (2), one easily notices
that the average evolution of an inhomogeneous universe
model differs from the evolution of a homogeneous one.
The change of the cosmological background evolution is
here driven by the non–trivial geometrical structure of an
inhomogeneous space, and the corresponding deviations
are encoded into the backreaction terms QD and WD,
which are coupled through the relation (2d).
Other formulations of the effective inhomogeneous
equations can be done. The first one aims at considering
the backreaction terms as an effective fluid by introduc-
ing an effective perfect fluid energy momentum tensor
with
̺Db = −
1
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(QD +WD) ; p
D
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1
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1
3
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(4)
leading to the following reformulation of the system (2):
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where we see that the coupling between the backreaction
terms now stands for the conservation law of the backre-
action fluid. We also appreciate that, like in the standard
model, we need an equation of state to close the system
that here is dynamical and furnishes a relation between
the effective sources. We shall consider two of such equa-
tions of state employed as closure conditions for the set
of equations (5).
The second reformulation, suggested by the form of the
effective sources (4) [6], consists in describing the back-
reaction fluid by a minimally coupled real scalar field
φD, called the morphon field, evolving in an effective po-
tential UD(φD) [7]:
̺Db = ̺
D
φ := ǫφ˙
2
D/2+UD ; p
D
b = p
D
φ := ǫφ˙
2
D/2−UD, (6)
where ǫ = +1 for a standard scalar field (with a posi-
tive kinetic energy), and ǫ = −1 for a phantom scalar
field (with a negative kinetic energy). The scalar field
language leads to the following correspondence relations:
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where the Klein–Gordon equation is simply the coun-
terpart of the conservation law for the backreaction
fluid. This correspondence allows us to interpret the
kinematical backreaction effects in terms of the proper-
ties of scalar field cosmologies, notably quintessence or
phantom–quintessence scenarii that are here routed back
to models of inhomogeneities.
II. BACKREACTION FLUID AS A CHAPLYGIN
GAS
In the above introduced effective inhomogeneous cos-
mologies, the dark components may be unified through
the kinematical backreaction: QD < 0 effectively mimics
Dark Matter and QD > 0 effectively mimics Dark En-
ergy. Both Dark Energy and Dark Matter are then not
included as additional sources but are both manifesta-
tions of spatial geometrical properties.
Another unification of the dark components is realized
thanks to the standard Chaplygin gas (CG). This exotic
fluid, whose state equation reads p = −A/̺, with A > 0,
has the interesting property to connect Dark Matter and
Dark Energy behaviors via its evolution [8, 9].
The two previous features motivate us to build a model
in which the backreaction fluid is supposed to obey a
scale–dependent CG equation of state: pDb = −AD/̺
D
b
with AD > 0 [10]. This construction allows to unify
the dark components, first, simultaneously, thanks to the
scale dependence of the backreaction fluid, and, second,
through its evolution.
The origin and the magnitude of the Dark Energy (first
situation in Figure 1) and of both Dark Energy and Dark
Matter (second situation in Figure 1) can be entirely ex-
plained by the particular geometrical structure of an in-
homogeneous space obeying the Chaplygin equation of
state.
In our framework, it is necessary to reinterpret obser-
vational data. Indeed, angular diameter and luminosity
distances, for instance, depend on metrical properties re-
lated to the averaged scalar curvature which evolves dif-
ferently compared with its Friedmannian counterpart. In
light of this remark it is premature to exclude [11, 12] the
standard Chaplygin equation of state as providing a good
match with observational data.
Finally, note also that, depending on the initial condi-
tions of the kinematical backreaction, the volume of the
domain D might undergo different dynamics: its expan-
sion is first decelerated then accelerated; its expansion is
always accelerated; or its expansion is accelerated, then
decelerated and again accelerated [10]. The latter case is
an interesting situation since two accelerated phases oc-
cur. Our model only concerns the matter–dominated uni-
verse; however, this situation allows us to imagine that
the accelerated phase in primordial inflation and the one
occurring today might be driven by the same mechanism
that has to be studied in a more general model. Indeed,
we are going to explain the first steps towards a modeling
of Inflation in the next section.
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FIG. 1: [10] Evolution of the domain–dependent cosmological
parameters ΩDm (black), Ω
D
W (red), Ω
D
Q (blue) and Ω
D
X = Ω
D
W+
ΩDQ (dashed) w.r.t. the effective scale factor.
Upper figure: ΩDX (aD ∼ 1000) = Ω
0
DE ∼ 0.72 (purple dot)
and ΩDm(aD ∼ 1000) = Ω
0
b + Ω
0
DM ∼ 0.28 (black dot).
Lower figure: ΩDX(aD ∼ 1000) = Ω
0
DE + Ω
0
DM ∼ 0.95 (purple
dot) and ΩDm(aD ∼ 1000) = Ω
0
b ∼ 0.05 (black dot).
III. INFLATION FROM INHOMOGENEITIES
The effect of inhomogeneities can play a role in primor-
dial cosmology too, when using the morphon description.
Indeed, Inflation, the most prevalent paradigm used to
cure the flatness, smoothness and horizon issues of the
standard model of cosmology, is often described through
the dominance of a slow–rolling scalar field, namely the
inflaton, over the other components of the energy bud-
get. Furthermore, there is a general trend relying on
the FLRW description to assume Inflation unsustainable
when the initial conditions are even slightly inhomoge-
neous, contrary to the idea that Inflation should stem
from chaotic initial conditions.
We offer the idea [13] that the morphon can formally
play the role of an effective inflaton and that inhomo-
geneities could be the actual cause of a de Sitter–like era
prior to the last scattering surface. In this case, several
interpretations emerge and differ from ordinary Chaotic
Inflation:
• the nature of the inflaton is solved;
• the inflaton/morphon is purely classical, therefore
its value is no longer bounded byMPl, and Eternal
Inflation is naturally avoided;
• the inflaton’s wave equation does not come from an
additional term in the action but is rather given by
the morphon’s integrability condition (2d., 7c);
• the choice of the potential is forced by physical re-
quirements such as
– a true initial conditions’ freedom of choice
(QDi ≶ 0, see Figure 2),
– the necessity to end the expansion at one
point,
– the necessity to describe the vanishing of in-
homogeneities at that end,
• the emergence of Inflation within a (physical) inho-
mogeneous background is allowed/favored.
Motivated by these requirements we choose the
Ginzburg–Landau potential,
UGLD =
λ
4
(
φ2D −
M2φ
λ
)2
=
M4φ
4λ
−
1
2
M2φφ
2
D +
λ
4
φ4D , (8)
as a sufficiently generic and conservative example of an
initial conditions poorly dependent potential, while the
kinetic part of the morphon is canonical (ǫ = +1).
Shear + Curv.
Shear + max Curv.
Homog. + Curv.
Expansion + Curv.
L type
FD
UD
GL
FIG. 2: [13] Reinterpretation of the initial conditions in
the language of the backreaction quantities: the Ginzburg–
Landau potential in arbitrary units and the possible initial
conditions as well as their physical meaning. All conditions
possess some curvature WiD < 0. The arrows schematically
indicate the amplitude of the morphon’s initial speed Φ˙iD . In
the order of the points (from left to right): the first two points
dominated by shear fluctuations (red, green) are obtained for
QiD < 0⇔ Φ˙
i 2
D > 2(H
i 2
D +k
i
D); the next points dominated by
expansion fluctuations (blue, pink) for Φ˙i 2D < 2(H
i 2
D + k
i
D),
where the de Sitter–Λ equivalent case has a stiff morphon
Φ˙iD = 0; the homogeneous case (last point, orange) is ob-
tained for Φ˙i 2D = 2(H
i 2
D + k
i
D).
The two parameters λ and Mφ both depend on the
average size of the Hubble radius at which Inflation takes
place and fix the number of e–folds the latter lasts.
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FIG. 3: [13] The energy densities ΩQ
D
(solid, red), ΩWD
(dashed, blue), and ΩkD (dotdashed, green) for one of the cases
of Fig. 2 as a function of the number of e–folds N = ln aD.
Here we considered the effect of inhomogeneities of curvature
only, i.e. the matter density is assumed to be zero. The ini-
tial value of the homogeneous part of the intrinsic curvature
has been taken arbitrary large (e.g. Ωki
D
≃ 1) to underline
the fact that it vanishes anyway after a few e–folds. In the
inset, the slow–roll parameter ǫD for the same configuration
is shown. Since ǫD = Ω
k
D + Φ
′2
D/2 always holds, ǫ ≃ 1 in
the pre–inflation era when ΩkD ≫ Ω
Q
D
,ΩWD , and ǫ ≃ 0 during
Inflation when UGLD ≫ Φ
′2
D/2.
We consider the energy budget in the averaged models,
ΩDm +Ω
D
k +Ω
D
W +Ω
D
Q = 1 , (9a)
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8πG 〈ρ〉
D
3H2
D
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D
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6H2
D
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D
, (9b)
and show in Figure 3 how, even in the absence of matter
(ΩDm = 0), the energy density in the Friedmannian cur-
vature ΩDk strongly decays and converts into the backre-
action terms, while
ǫD := −H˙D/H
2
D = 1 + 2Ω
D
Q < 1 (10)
is the condition tantamount to Inflation. In the pres-
ence of pressure–less matter, the same scenario occurs,
irrespective of the initial conditions.
Related publications will soon appear on the the vari-
ous attempts we made to render Inflation implicit and du-
ration natural in inhomogeneous cosmologies. We shall
consider the interaction of the morphon with radiation,
dust, and a fundamental scalar field, and we shall address
the horizon problem. Another analysis is dedicated to the
global instability of the FLRW backgrounds employing a
dynamical system analysis of the averaged equations in
the phase space of the cosmological parameters. The ap-
plication to scalar field models for Dark Matter forms the
subject of a further parallel attempt.
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